Pancreatic cancer is expressed as a disorder of chaos that leads to impairment in biochemical and metabolic physiology of pancreas. It is considered as the most intractable and fatal among all gastrointestinal (GI) cancers. The early occurrence of metastatic spread and the development of intrinsic and acquired resistance during drug treatment limit its prognosis at the right time. The universalized treatment involves surgical resection in which only a minority (<20%) of patients qualify due to advanced stage of disease at the time of diagnosis. Despite the rigorous technological developments in understanding the molecular mechanism of pancreatic cancer, no significant advances in efficacy of chemotherapeutic treatment have been arisen till date and still present challenges to overcome. That leads to the scientists to undergo exhaustive research to find an alternative treatment and increasing focus have been given on the studies of symbiotic relationships between microbiota and host which confers benefits to the host in many key aspects of life and form a synergistic harmony so called "super-organism". The perturbations in the regulatory circuits of the host that control homeostasis, or alterations of the microbiome, through environmental changes (infection, diet or lifestyle), may disturb this symbiotic relationship and favors carcinogenesis in the pancreas. Research studies speculating convincing evidence that, among the gut microbiota, probiotics have demonstrated their potential role in the prevention of all stages of cancer development, but the critical question has been arisen that Can probiotics be used as preventive targets for pancreatic cancer? Thus, the efforts have been directed towards to summarize the prospective and challenging role of probiotics as preventive approach for pancreatic cancer. Though prospects of probiotics in prevention of pancreatic cancer are being great challenge among research community therefore, more rigorous and well-designed in vitro, animal and clinical studies are required for worthy manifestations.
Introduction
The human gut, the largest microbial reservoir in the body, harbors about 10 13-14 microorganisms [1] . These microorganisms are collectively referred to as microbiota, while their collective genomes constitute known as the microbiome [2] [3] . Most of these gut microorganisms reside in the large intestine (colon), which contains an estimated 10 [11] [12] bacterial concentrations per gram of content [4] . There is a mutual interaction between intestinal cells and microorganisms present in the gastrointestinal tract [5] . Commensal microorganisms in the gastrointestinal tract exert a significant effect on host biochemistry such as oxidation-reduction potential of luminal contents, enzymatic activity of intestinal contents, host physiology, short chain fatty acid production in the lumen, synthesis of vitamins and prevention against colonization by pathogen, immunomodulation and modification of host-synthesized molecules [6] [7] . There is an established association between existing microbiota and intestinal function for maintaining of homeostasis, building of balanced immunity. Any microbial alterations may lead to dysbiosis, a contributing factor for the onset and progression of several chronic diseases including cancer [8] . Among cancer, pancreatic cancer is the fourth leading cause of cancer mortality with poor prognosis and overall 5-year survival is only less than 5%. Even patients undergone complete resection, chemotherapy and radiation have a 5-year survival of only 20% [9] [10] . Research studies revealed that intestinal barrier dysfunction and subsequent bacterial translocation from the intestinal tract to the bloodstream and necrotic tissues plays a critical role in the infection of pancreatic tissues. Interestingly, the pancreas does not have an identified microbiome however; it can be deeply affected by dysbiosis in the gut. Bacterial endotoxins and antigens gain access to portal blood and activate pancreatic macrophages to release inflammatory cytokines like IL-1, IL-6, TNF in necrotizing pancreatic tissues. The inflammatory cytokines are one of the major reasons for chronic pancreatitis and subsequently tumorogenesis in pancreas. In the present scenario there is no effective screening modality as well as the results of therapies for pancreatic cancer are not satisfactory, therefore the best way to reduce morbidity and mortality is by effective primary prevention.
Therefore, the use of commensal microbiota such as probiotics is increasing in popularity for both prevention and treatment of pancreatic cancer. Research studies speculated convincing evidence that the functions of the intestinal microflora is positively influenced by probiotics which exert a therapeutic effect through modification of the composition of indigenous intestinal microflora and its metabolic activity, prevention of overgrowth and colonization of pathogens, and stimulation of the immune system [11] . Probiotic bacteria may be defined as "live microorganisms which when administered in adequate amounts confer a health benefit on the host" [12] and they most frequently belong to the lactic acid bacteria [LAB] category, such as Lactobacillus spp. and Bifidobacterium spp. [13] . They are usually ingested as a part of dietary supplements or fermented foods. There should be common consensus from experimental findings that probiotics are considered safe for human ingestion with limited or no reported cases of adverse events. Despite the great number of studies in the literature, the precise mechanisms by which probiotics may prevent pancreatic cancer still remain not perfectly clear.
Therefore, the aim of this review is to underscore the prospects and challenges of the role of probiotics in the pancreatic cancer. The first part presents some of the mounting evidence implicating the role of gut microbiota in human health and epidemiology of the pancreatic cancer. The various risk factors like genetic factors, inflammation, various lifestyle diseases and their contribution toward pancreatic cancer are highlighted and discussed in the second part of the review. The third part emphasizes some of the prospects and challenges confronting research into the role of probiotics in pancreatic cancer and also posits areas of future research.
Histological Perspective of Pancreatic Cancer
The pancreas plays central role in digestive process and a glandular organ of the diges- 
Epidemiology of Pancreatic Cancer
Pancreatic cancer is characterized as one of the aggressive metastasis having extremely chemo-resistant tumors and worst prognoses. The relapsed and repeated pancreatic infection as well as inflammation plays dynamic role in the progression of pancreatic cancer. Though other factors also plays contributing role therefore this disease is considered as multi-factorial from evolutionary point of view [14] . Research studies confirmed that the progression of pancreatic cancer have direct relationship from acute pancreatitis (AP) to chronic pancreatitis (CP) and finally its metastasis.
Acute pancreatitis (AP) is a clinical syndrome characterized with acute injury in the pancreas. This is due to the bacterial infection caused by predominately Gram-negative strains [15] which further trigger the pathological activation of digestive enzymes that leads to the inflammation and alterations in the vicious cycle of cell signalling. This result in the increased permeability of the gut and subsequent migration of macromolecules such as bacteria, endotoxins and antigens from the gastrointestinal tract to the pancreas causes bacterial translocation (BT) and severe pathogenesis. Various Scientific efforts have been done for the identification of the migratory route of bacteria [16] but still it's a matter of thorough study and hypothetical explanation has been come out.
The hypothesis states that it could be a direct transmural migration to the peritoneal cavity or retro peritoneum and then to the pancreas or lymphatic or hematogenous dissemination to the pancreas [17] . This process involves alterations in morphological and functional characteristics such as small bowel hypomotility, rupture of the gut barrier and systemic immunossuppression [18] . Furthermore these kinds of recurrent episodes of pancreatitis lead to chronic pancreatitis (CP) characterized with fibrotic tissue formation and stellate cell activation. Therefore, research findings strongly supports that this hierarchy from acute pancreatitis (AP), recurrent AP and Chronic pancreatitis (CP) to metastasis are the part of the pancreatic cancer continuum.
The pancreatic cancer is characterized with the occurrence of three types of precancerous lesions: pancreatic intraepithelial neoplasia (PanINs), intraductal papillary mucinous neoplasms (IPMN), and mucinous cystic neoplasms (MCN). A number of diverse molecular changes have been manifested after the conversion of these precursor lesions into pancreatic ductal adenocarcinoma (PDAC) [19] . Pancreatic ductal adenocarcinoma (PDAC) is known as pancreatic cancer, is the most well-known exocrine-based pancreatic tumor. Scientific studies indicated that the progression of this malignancy is not solely dictated by the tumor cells themselves, but rather there is melodious synergy between tumor stromal cells with multiple signaling pathways [20] .
The aggressive metastasis in the cancer limits its thorough understanding of cellular and molecular mechanisms of initiation and progression therefore, various mouse models have been developed [21] for comprehensive understanding of the complexities of this cancer.
Risk Factors of Pancreatic Cancer
Pancreatic cancer (PC) is nearly uniformly fatal among all cancers, despite aggressive treatment in the developing and developed countries. Currently, there have been important technological advances in the molecular, pathological and biological understanding of this deadly disease. The lethality of this cancer requires dedicated attention for the causes and modifiable risk factors associated with the onset and the progression.
The Figure 1 represents the overview of the various risk factors for the pancreatic cancer.
Diet
Diet plays pivotal role [22] as it modulate the metabolic physiology of the pancreas resulting the release of those relevant factors which promote pancreatic carcinogenesis. Research studies confirmed that the consumption of preserved vegetables has higher risk as they contain large quantities of nitrites and nitrates which may serve as substrates for endogenous formation of N-nitroso compounds [23] . There has also been well documented that consumption of eggs and dairy products [24] butter and margarine [25] rice and white bread [26] in excess can also promote this cancer. There have been increased risks associated with high intake of fat and unsaturated fat [27] as well as carbohydrates [28] . These studies confirmed that there is close association between diet and pancreatic cancer and also needs in-depth understanding which paved the way for future investigations.
Life Style Choices

Consumption of Excess Alcohol
The consumption of alcohol is increasing globally and considered as one of the pivotal factor for the development of cancer worldwide thus positively associated with pancreatic cancer as well [29] . Various scientific studies have been undertaken to comprehend the effect of alcohol and found that the polymorphisms in genes encoding enzymes for ethanol metabolism (e.g., alcohol dehydrogenases, aldehyde dehydrogenases, and cytochrome P450 2E1), folate metabolism and DNA repair is responsible for the cancer development. The association between alcohol use and incidence or mortality of pancreatic cancer was confirmed by 60 analytical epidemiologic studies [30] 
Smoking
One of the most well established risk factor for pancreatic cancer is cigarette smoking.
The amount of dose and the time of exposure of cigarette smoke have substantial impact on the progression of pancreatic cancer that has been confirmed from various epidemiological studies [35] . The results of meta-analysis of tobacco risk and pancreatic cancer from 82 studies revealed that there was an estimated 75% increased risk for pancreatic cancer in smokers versus non-smokers. The scientific literature also supported the fact that smoking cessation can reduce this risk by up to 50%, at all age groups but is particularly important for the prevention of early onset of pancreatic cancer [36] . The cigarette smoke comprises well known sixty carcinogens, that is responsible for the initiation of tumrogenesis [37] . 
Aging
The technological interventions in the improvement in health care as well as living standards increase the elderly populations at global level. Astonishingly, it is said that "there is an elegant interplay between pancreatic cancer and ageing and seems to be unlikely bedfellows" therefore, aging is considered as one of the predominant risk factor for pancreatic cancer. It was hypothesized from the global survey that more than 50%
of the diagnosed patients with cancer are older than 60 years, and more than one third are over the age of 70. The alterations in cell-autonomous mechanisms that reduce the cellular stress, damage and dysfunction are the common etiologies of aging and cancer.
More comprehensive studies have been undertaken to investigate the correlation of molecular mechanism of aging with pancreatic cancer and found that erroneous repair of DNA damage manifested with severe mutations leading to altered gene function, results in pancreatic carcinogenesis. Among various genes investigated, p53 plays dynamic role in the tumor suppressive DNA damage response (DDR) and is mutationally inactivated in approximately 50% of human cancers. This is experimentally validated by Sato et al. [40] . This research group used mouse models to study the expression of p53 mutations in paraffinized tumors by using monoclonal antibodies. The results showed over expression of this gene and were more prominent in older patients. These studies concluded that p53 mutations may be induced with aging and responsible for onset of pancreatic cancer. However, further studies will be needed to demonstrate whether or not various agents targeting signal transduction pathways or nuclear transcription factors are useful for elderly patients with advanced pancreatic cancer.
Life Style Diseases
Diabetes
Diabetes mellitus has been recognized as one of the third modifiable risk factor for the development of pancreatic cancer. Numerous studies confirmed that the prevalence of diabetes in pancreatic cancer has varied considerably (from 4% to 65%). Though there is a strong association between pancreatic cancer and diabetes but it is yet to be in intensive speculation that why pancreatic cancer causes diabetes and how diabetes can be an early manifestation of pancreatic cancer? Peripheral insulin resistance, hyperinsulinemia, hyperglycemia and inflammation have been well investigated for the contribution of diabetes-associated pancreatic cancer [41] . Though insulin resistance is also found in non-diabetic or glucose intolerant pancreatic cancer patients [42] [43] but majority of the research studies confirmed that pancreatic carcinoma are causally related to the insulin resistance. The studies were also supported by Basso et al. [44] who obtained a 2030 MW peptide from the sera of patients with pancreatic cancer and considered that this peptide can be a putative diabetogenic factor associated with it.
More recent studies suggested that anti-diabetic regimens may independently modify the risk of pancreatic cancer due to the effect of stimulation on the pancreatic beta and islet cells [45] . Currently, fourteen classes of drugs have been used in the treatment of diabetes and some have been linked to the increased risk of pancreatic cancer. The increased risk of cancer has been visualized with sulfonylureas. These classes of drug are the effective during the early stages of diabetes and directly modify the potassium channels in pancreatic cells which further stimulate the secretion of insulin. The concerning risk of pancreatic cancer is validated by the case control study reported by Monami and colleagues which included 1340 diabetic patients followed up for an average of 75.9 months. The 112 patients who developed cancer also had a greater length of exposure to a sulfonylurea compared with the control group of diabetic patients [46] .
Furthermore, another class of the drug commonly known as "incretin family" that includes insulin secretagogue (Meglitinide) and Glucagon-like peptide. Meglitinide that stimulates endogenous secretion of insulin by inhibiting potassium channels in the pancreas on a different site from sulfonylureas. Glucagon-like peptide (GLP)-1 is an incretin hormone that is secreted by L-type endocrine cells in the distal ileum after the ingestion of food [47] . This peptide stimulates the secretion of insulin as well as promotes beta-cell proliferation and survival [48] by sitagliptin [49] Based on these observations FDA released a safety alert and subsequently the manufacturer updated exenatide's prescribing information to include the precaution of acute pancreatitis [50] . Because pancreatitis is a known risk factor for pancreatic cancer, there is concern that long-term use of a GLP-1 agonist increases pancreatic cancer risk.
Another important class of drug that has been used to treat diabetes is to take exogenous insulin in the form of insulin analogue. It increases the uptake of glucose into the cells, stimulates glycogen synthesis and inhibits glucagon. The drug used currently is insulin aspart, and insulin glargine as fast-acting insulin analogues. The increased risk of pancreatic cancer was confirmed by German cohort study published in 2009 [51] . They studied 127,031 patients and concluded that that there was an association between incidence of malignancy and insulin dose for all insulin types; however, in comparing aspart, and glargine to human insulin only glargine was found to have a higher dose dependent risk for carcinogenesis.
Obesity
The prevalence of the obesity is rising world-wide and its coherence with pancreatic cancer is becoming more apparent. Research findings revealed convincing evidence that an augmented risk of pancreatic cancer is associated with those people who are obese or have high body mass index (BMI). In 2007, the results from 38 studies conducted by World Cancer Research Fund Panel concluded that there is a "convincing increased risk" of pancreatic cancer related to body fatness and a "probable increased risk" with abdominal fatness [52] [53] . The mechanism of the complexity of obesity with cancer is clearly understood by tumor promoting inflammatory and hormonal factors associated within adipose tissue. The enhanced levels of inflammatory cytokines such as TNF-α, IL-1β, IL-6, and IL-18 has been observed within adipose tissue and also systemically through inflammasome activation in macrophages [54] which further augment the inflammation. The obesity also leads to the activation of pro-inflammatory hormone leptin and decreases adiponectin, its anti-inflammatory counterpart [55] .
Furthermore, the anomalies prevalent in the energy balance factors due to the stagnant life style and intake of high calorie food also aggravate the occurrence and progression of pancreatic cancer. Therefore, this association between pancreatic cancer and obesity may provide to exploit a suitable platform for the futuristic investigations for preven-tive and intervening measures to modify this factor at personalized level.
Genetic Factors
Pancreatic cancer, like all cancers is a fundamentally genetic disease caused by both inherited and acquired genetic mutations. Inherited genetic variation plays an important role in both the familial and non-familial (sporadic) occurrences of pancreatic cancer.
It is estimated that 5% -10% of pancreatic cancer patients have a family history of pancreatic cancer [56] . While the genetic mutations responsible for the majority of the clustering of pancreatic cancer in families have yet to be identified, several pancreatic cancer genes have been established, including both high-penetrance genes such as BRCA2 [57] , STK11 [58] , p16/CDKN2 [59] and PALB2 [60] and low-penetrance genes such as the ABO blood group locus [61] . However, the genetic basis of the majority of pancreatic cancer remains unclear, as these established high-penetrance genes explain only 10% -15% of the familial aggregation of pancreatic cancer. Research studies also speculated that number of inherited cancer syndromes increase the risk of pancreatic cancer. These include the breast cancer syndrome, familial atypical multiple mole melanoma syndrome (FAMMM), Lynch syndrome and the Peutz-Jeghers syndrome. Recent technological improvements in genotyping and genome sequencing have accelerated the pace at which new pancreatic cancer genes have been discovered and could unravel the story of pancreatic cancer.
Dysregulation of Zn Metabolism
Zinc (Zn) is the second most essential trace element required for cellular homeostasis and its deficiency leads to impaired DNA and protein synthesis, growth retardation, decreased food intake, skin allergies, malfunctioning in immune system. The compartmentalization of Zn into various intracellular organelles and its regulation through Zn transporting mechanisms has proven the fact of complexity of Zn homeostasis in human body [62] . The two solute-linked carrier (SLC) gene families were identified in zinc transport, SLC30, which encodes for zinc transporter (ZnT) proteins, transport Zn from the cytoplasm and SLC39, which encodes for Zrt-, Irt-like proteins (ZIP) transport Zn into the cytoplasm [63] . The role of Zinc Transporters proteins are depicted in Figure 2 .
Research studies confirmed that various functions of pancreas are modulated by Zn.
One of the important functions is to modulate glucagon secretion [64] . The ZIP transporter proteins (Zip1, Zip10 and Zip14) are expressed in pancreatic α-cells and Zn is providing an "off-switch" for glucagon release from the pancreatic α-cell during glucose deprivation [65] . Another function is to regulate insulin biosynthesis within the pancreatic β-cell where proinsulin is transported to the Golgi apparatus and is subsequently incorporated into Zn rich secretory granules [66] . Zn also plays dramatic role for maintaining the functional structure of insulin in which the two Zn ions associate with 2 insulin dimers, which subsequently combine with an additional insulin dimer to form functional hexameric unit [67] . Therefore, Zn dyshomeostasis, plays an intricate role in Zhang et al. [71] found that Zip4 over expression causes increased IL-6 transcription through cAMP response element-binding protein. Furthermore, IL-6 activates STAT3, which increases expression of cyclin D1, increasing cell proliferation and tumor progression. Therefore, it plays dynamic role in the pathology of pancreatic carcinogenesis.
Inflammation
Inflammatory processes have emerged as key mediators of pancreatic cancer develop-ment and progression therefore this disease is characterized as quintessential example of an inflammation-driven cancer. The epidemiological data as well as comprehensive studies from preclinical and clinical models has profoundly supported this fact. In recent years, much effort has been given to identify the underlying mechanisms that contribute to inflammation-induced tumorigenesis. Inflammation that is a result of cellular stress and malfunction has been termed "parainflammation" and is hypothesized to contribute to cellular adaptation to the cancerous environment [72] . 
Effect of Inflammation on Autophagy and Inflammasomes
Defective autophagy is a key component in promoting persistent inflammatory responses [76] . Accumulation of p62 through faulty autophagy can ultimately lead to activation of the transcription factor NF-κB, a critical mediator of inflammation [77] . Arrested autophagy also leads to elevations in reactive oxygen species (ROS), due to lack of removal of damaged mitochondria. ROS can activate inflammasomes, a large intra- 
Effect of Inflammation on NF-κB Signaling
The nuclear factor-κB (NF-κB) proteins constitute a family of transcription factors most commonly associated with mediating inflammatory responses. NF-κB family contains 5 members, namely p65 (RelA), p50 (NF-κB1), p52 (NF-κB2), RelB, and cRel.
These proteins have a same amino terminal, which is composed of about 300 amino acid residues, called Rel homology domain (RHD), with DNA binding site and depolymerization site inside. IκB is a kind of repressor protein of 36kDa, which can interact with the amino acid residues of RHD, masking the translocation signal nuclear sequence in RHD, and preventing NF-κB translocation to preserve it in the cytoplasm.
After receiving appropriate stimulatory signal IκB-α is phosphorylated and destined for degradation. This enables NF-κB movement into the nucleus to regulate transcription of its target genes [83] where it increases the expression of pro-inflammatory mediators. Cytokines and adhesion molecules attract additional immune cells causes inflammation which directly leads to promotes chronic pancreatitis. The NF-κB subunit RelA has been shown to be constitutively activated in PDAC cells but not in normal pancreatic tissues [84] . Other NF-κB subunits, including p105, p100, and c-Rel have been found to have increased expression in certain PDAC cell lines [85] .
The levels of NF-κB have also been increased with trypsinogen activation [86] . The anomaly in calcium levels and activation of PKC isoforms have been implicated in NF-κB activation. Support for such conclusions come from the findings that chronic pancreatitis greatly increases the risk to the development of PDAC [87] .
Effect of Inflammation on COX-2 Expression
The enzymes cyclooxygenase1 and 2 (COX-1and2) are important rate limiting factors in prostaglandin production. The inflammation leads to up-regulation of COX-2 and in CP it is over expressed in acinar, islet and ductal cells. The presence of COX-2 in ductal cells points toward its role in modulating growth factors and cytokines from ductal cells in fibrosis and inflammatory pathways [88] . COX-2 has been linked to development of pancreatic dysplasia and PDAC and may form a potential link between CP and subsequent development of pancreatic cancer. Elevated COX-2 has been associated with pancreatic cancer cell proliferation [89] and tumor growth [90] [91].
Aberrant Calcium Signaling
Calcium homeostasis plays an important role in survival and normal functioning of cells and is achieved by various calcium channels or pumps associated with the plasma membrane. Scientific studies suggested that cancer cells explicitly use glycolytic ATP as the energy source for their growth. The glycolytic ATP enhances calcium pumps known as plasma membrane calcium ATPase (PMCA) to provide the energy necessary for maintenance of low calcium levels in pancreatic cancer cells. In addition to those endoplasmic reticulum ryanodine receptors (RyR) and plasma membrane store operated calcium channels (SOC) are an important means of elevating calcium in pancreatic acinar cells [92] . Cigarette smoking affects the PMCA activity, therefore it is possible that nicotine-mediated changes in pancreatic acinar cell PMCA contributes to pancreatic diseases as well. The consumption of alcohol as well cigarette smoking affects the calcium homeostasis in pancreatic cells. The conversion of alcohol to fatty acid ethyl esters (FAEEs) via non-oxidative pathways induces the release of calcium from intracellular stores and premature trypsinogen activation [93] . In addition to that free radi-cals generated through FAEEs have been shown to damage mitochondrial membranes causing ATP depletion [94] [95] . This alters the bioenergetics of acinar cells and favors necrosis over apoptosis.
Probiotics in Pancreatic Cancer Prevention: The Prospects
Research has been conducted to explore the role of commensal microbiota in pancreatic cancer prevention. The convincing aspects of probiotics in alteration of the intestinal microflora, inactivation of carcinogenic compounds, competitive exclusion with pathogenic microbiota, improvement of the host's immune response, anti-proliferative effects via regulation of apoptosis and cell differentiation metamorphosize the healthy metabolism of the organism. The role of probiotics is still long way to go for the effective treatment of this noxious form of cancer. The various factors described above reveals the causative and risk factors of pancreatic cancer and there is an elegant synergy between these risk factors suggests a common pathway for carcinogenesis of the pancreas. Therefore, we tried to correlate the impact of probiotics on various risk factor associated with pancreatic cancer which can prevent the onset of tumuorogenesis.
Modulation of Probiotics by Dietary Components
Diet plays significant role in pancreatic carcinogenesis [96] although the specific com- were further confirmed by the research studies. The studies led to the conclusive remarks that the binding or degradation of HCA by probiotics could be one of the main mechanisms of removing carcinogens out of the human body. Different research groups proposed supportive evidence to prove these facts. In continuation of this Orrhage et al. [103] 
Effect of Probiotics on Life Style Diseases
In the recent scenario, obesity and diabetes is considered as pandemic which is tightly yogurts on lipid abnormalities. They concluded that the consumption of probiotic yogurt reduced the concentrations of LDL cholesterol and total cholesterol [120] . The elimination of atherogenic indices as well as improvement in the glycemic control was also reported [121] . The beneficial effects of consumption of multispecies probiotic supplements on insulin resistance and metabolic profiles including high-sensitivity C-reactive protein (hs-CRP) have also been reported in diabetic patients [122] . Research findings also reported the reduction in body weight, waist and hip circumference by the supplementation of L. gasseri in obese individuals [123] [124] . Though probiotics confers beneficial effects by modulating the life style diseases but still extensive research is needed to find better ways of prevention of pancreatic cancer by modulation of lifestyle.
Effect of Probiotics on Bacterial Translocation
The balanced intestinal ecological environment is maintained by the protective effect of The thorough investigations and conclusive remarks came from the studies done by Olah et al. [128] . They reported that the treatment with L. plantarum 299 to the patients with acute pancreatitis had lower incidence of pancreatic sepsis and needed less surgical interventions compared with control patients. The mode of administration of probiotics were also evaluated for their efficiency and studies conducted by Olah and Rhomics [129] . They concluded that enteral nutrition is better utilized compared by parenteral route and reduced the severity of fibrosis, acinar cell loss, oedema, parenchymal necrosis, inflammation and perivascular infiltration of PMNL, inflammation and perivascular infiltration of MNL, ductal damage, atypical reactive regeneration and vacuolization that prevents pancreatic cancer. In addition to that, clinical studies evidenced that the incorporation of synbiotics with multiple LABs and prebiotic fibres for the treatment of severe acute pancreatitis significantly reduced the mortality. Research studies also confirmed that probiotic S. boulardii with concomitant addition of antibiotic ciprofloxacin reduces the histopathological scores of acute necrotizing pancreatitis.
Effect of Probiotics on Oxidative Stress
The abnormal formation of reactive oxygen/nitrogen species leads to "oxidative stress"
inside the living cell. This formation leads to the unprecedented damage in lipids, nuc-leic acid, carbohydrates and proteins of cells and tissues. Therefore, an aberrant production of oxidative stress has crucial role in the pathogenesis and development of malignancy. Though, scientific data pertaining to the anti-oxidative properties of LAB is limited but certain progress has been done in recent years [130] . There is a strong correlation between pancreatic cancer and oxidative stress. Rau et al., 2000 [131] reported the amelioration of experimental pancreatitis in rat model by using probiotics. Furthermore, Lutgendorff et al., 2008 reported that probiotics enhanced the biosynthesis of glutathione [132] and reduce inflammation and acinar cell injury and ameliorated experimental pancreatitis, by reduction in oxidative stress. The scientific studies also proved that reduction in pancreatic DNA damage and its associated effects in CP were observed by treatment with probiotics [133] which led to the prevention of pancreatic cancer. Though, more rigorous studies will be required to investigate the potential effects of probiotics as anti-oxidative role that can be the one of the great solution for combating this noxious form of cancer.
Effect of Probiotics on Modulation of Immune System
The immunity of an individual is well correlated with healthy metabolism and ability to terial cell wall that further induce the production of anti-inflammatory and regulatory cytokines having anti-tumourogenic effect. [138] . Moreover, the preventive effect was reported in which it was concluded that LTA can stimulate DCs through Toll-like receptor 2, resulting in cytokine release [139] . Research studies also evidenced that some More recently, oral feeding of LcS significantly enhanced NK cell cytotoxicity which delayed tumor onset or suppressed tumor incidence [142] . The enhanced production of TNF-α and NO, leads to the cytotoxicity of tumor cells by the administration of butanol extract of B. adolescentis [143] . Research studies also speculated that incorporation of probiotics in the diet can also have substantial impact on cell signaling system. L. reuteri may prevent carcinogenesis via downregulating NF-κB-dependent genes which regulate cell proliferation (Cox-2, cyclin D1) and survival (Bcl-2, Bcl-xL) [144] . In addition to that L. reuteri suppressed tumor necrosis factors (TNF)-induced NF-κB activation including NF-κB dependent reporter gene expression in a dose-and time-dependent manner to slow down cancer cell growth.
In recent studies, one of the crucial impacts of bacterial translocation is to severely infect the pancreas by pathogenic bacteria Helicobacter pylori. 
Probiotics in Pancreatic Cancer Prevention: The Challenges
In the current scenario, probiotics has attracted tremendous attention among the research community due to their spectacular advantages in the promotion and improvement of health in living systems. However, there is a wealth of research literature that links the ability of probiotics to modulate the host's metabolism but there is an only limited research on the effects of probiotics on pancreatic cancer prevention or treatment. As pancreatic cancer is the worst among gastrointestinal disorders due to its fast metastasis a number of challenges (issues or questions) still exist. These challenges, which need to be addressed, relate to how the probiotics modulate, influence and interfere with the host's mechanisms to elicit various metabolic effects to combat this form of cancer. The elegant interplay between infammation and carcinogenesis is reflected in the pancreatitis, but the scientific literature apprising the potential role of probiotics in the improvement of chronic pancreatitis as well as the prevention of further metastasis is quite low. These gaps in our understanding, as highlighted above, constitute the main challenges to successfully target the probiotics in the prevention of pancreatic cancer. Therefore, the use of probiotics in pancreatic cancer is still a challenging task for research communities. Here we represent certain critical studies and key questions lead to the role of probiotics in various forms of pancreatitis and their further assessment.
In our previous discussion, we highlighted the fact that the prime cause of morbidity and mortality in patients with severe acute pancreatitis is the infection of pancreatic necrosis by bacterial translocation. This was conceptualized using different animal models which showed a significantly lower rate of bacterial translocation by using probiotics and this has prompted human trials on this topic. Various scientific efforts were done to investigate the role of probiotics in the prevention of pancreatitis. First scientific report was documented by Olah et al. (2002) [148] . They published the first controlled study on the effect of probiotics in humans. These authors utilized both live versus heat killed LABs for the treatment in human volunteers. The results concluded that there was significant reduction in pancreatic necroses with live Lactobacilli (5%, n = 22) compared to heat killed Lactobacilli (30%, n = 23) in a group of patients with acute non-biliary pancreatitis. However, the authors have excluded the patients with biliary pancreatitis as well as the trial sample size is very small that's why this study was highly criticized. The same research group in 2008 [129] produced a second trial involving 62 patients with predicted severe pancreatitis. Remarkably, there has been significant reduction in the rate of multiple organ failure (MOF) and septic complications was seen, but unfortunately these differences did not reach conclusive statistical significance. Therefore, the difference in the rate of infectious complications seen in the first trial could not be reproduced but gave the spark that the use of probiotics improved various complications in severe acute pancreatitis.
Furthermore, more comprehensive studies were undertaken by Besselink et al., [149] . there was development of bowel ischaemia in nine patients in the probiotics group compared with none in the placebo group. Therefore, the studies conducted to assess the prophylactic aspect of the probiotics in the treatment of severe acute pancreatitis, leads to the increased risk of mortality and failed to reduce the risk of infectious complications.
The differences between these three studies raise certain key questions [150] . Do the species of Lactobacillus and Bifidobacteria and their virulence significantly influence the difference between these three studies? Do the variety of prebiotics (oat fiber, beta glucan, and cornstarch) used in these studies made significant difference? Does the multicenter trial have substantial impact or there should be no use of conducting single center trials? The Besselink multicenter trial, however, showed contradictory results which were directly opposite to those from the two earlier studies conducted by Olah et al. [128] [129] and deterred the initiation of other trials on probiotics. Bengmark (2008) [151] raised critical comments on multicentre trial that the choice of LAB and dose of LAB is critical as well as extensive preclinical studies are prerequisite for such kind of conclusive recommendations. However, these issues were addressed by Besselink et al [152] and they agreed that any generalization and recommendations will be reported after investigating the mechanisms by which probiotics exert their positive and negative effects on pancreatitis. al reported the dose of probiotics conferred substantial impact on the disease severity as the same probiotics can have opposite effects at different doses [154] . More recently, a PROPATRIA trial was conducted by Sharma et al. [155] . The ambiguous results were obtained and studies were abandoned.
In addition to that, a recent retrospective analysis [156] suggested that there was no negative impact on patients with predicted SAP although the authors could not revealed any potential benefit of probiotics in this subgroup of patients. Recently, a randomized controlled trial by Cui et al. [157] supported the use of probiotics in combination with enteral feeding. Three modes of feeding i.e. parenteral feeding, enteral feeding or enteral feeding supplemented with Bifidobacterium was administered and compared 70 patients of SAP. They found that the incidence of upper gastrointestinal bleeding, infection and abscess were significantly lower in the probiotic group, and that the length of hospital stay was also significantly shortened in this group. That was again a single centre trail with low patient number therefore appears to the same situation of dilemma of the PROPATRIA trial warranting the cautious application of probiotics in SAP.
The above mentioned discussion was focused on the pancreatitis driven pancreatic cancer. Scientific literature revealed profound evidence of the role of diet in pancreatic carcinogenesis. Till date the evidence is inconclusive due to synergistic factors, such as smoking status, physical activity and distance of habitat from the equator, obesity, ABO blood group and diabetes. Though the Lactobacillus species considered as potential beneficiary to the host but certain clinical studies have envisaged that gut Lactobacillus species were found with increased BMI and glycemia in healthy and elderly adults. Literature studies also revealed that certain bacterial species, such as L. reuteri, are found in large quantities in obesity while others, such as B. animalis are associated with nor-mal weight [158] . This suggests that the gut microbiota composition is linked to normal body weight and obesity at the species which can be the driving factors for the pancreatic cancer. The lack of large randomized control trials makes it harder to establish causative associations for various factors.
Conclusions and Future Directions
There is a wealth of research literature that clearly support a multifaceted role of probiotics in pancreatic cancer prevention by modulating pancreatitis and various other risk factors like diabetes, pancreatic necrosis, inflammation, obesity. The current data are not sufficient to draw conclusions about the effects of probiotics in pancreatic cancer because of the limited number of trials and their heterogeneity. The types of probiotics and treatment strategies employed play an important role in the heterogeneity of clinical outcomes reported in different random controlled trials (RCTs). Though the individual diversity of the intestinal microflora underscores the difficulty of identifying the cascading factors for pancreatic cancer and poses barriers to this field of research. However, the effectiveness of probiotics are species and strain specific and even a single strain of probiotic may exert its actions via multiple, concomitant pathways in pancreatic cancer prevention. Emerging data suggest synbiotic as a more effective approach than either prebiotics or probiotics alone. More in vivo especially human studies are warranted to further elucidate and confirm the potential role of probiotics, prebiotics and synbiotics in pancreatic cancer prevention. There is no doubt that research investigating the role of probiotics in pancreatic cancer prevention is still in its infancy. In brief, much is still to learn about the role of probiotics in pancreatic cancer, a promising future of its preventive as well as therapeutic approach is certainly on the horizon.
